Essential oil (EO) from aerial parts of Eucalyptus camaldulensis Dehnh., growing wild in different localities of Sardinia (Italy), was extracted by steam distillation and analyzed by gas chromatography (GC) FID and GC-ion trap mass spectrometry (ITMS). The yields of EO (v/dry wt) ranged between 0.2-0.5%. Samples were harvested between April and December to study the seasonal chemical variability of the EO. The chemical composition varied depending on the different origins and showed strong fluctuation during the vegetative stage. Thirty-seven compounds, accounting for at least 97.7% of the total EOs were identified, the major components being p-cymene (27.8-42.7%), 1,8-cineole (4.1-39.5%), β-phellandrene (3.9-23.8%), spathulenol (2.1-15.5%) and cryptone (3.2-10.2%). The oils possessed moderate amounts (1.4-4.7%) of two uncommon aldehydes, cuminal and phellandral. The essential oils were screened for their antifungal activities against common phytopathogenic fungi using the paper disk diffusion method and they showed activity at low doses against the fungi tested. The antioxidant activity, assessed by DPPH-test and expressed as Trolox equivalent antioxidant capacity, showed values ranging between 0.5 and 5.8 mmol/L.
The genus Eucalyptus, family Myrtaceae, includes about 700 species that originated from Australia, but which are now spread in temperate and sub tropical regions [1] . E. camaldulensis Dehnh. is an evergreen tree found in Sardinia (Italy), but which was imported from Australia in the 19 th century to reclaim lands from malaria. It is now a typical plant growing both wild and cultivated. Some products of this plant, such as its essential oils (EOEC), and fatty and alcoholic extracts obtained from the aerial parts have been used in traditional medicine for the treatment of various diseases [2] . The essential oil has been reported to contain 1,8-cineole [3] [4] [5] [6] [7] [8] [9] [10] [11] , p-cymene [12, 13] , α-phellandrene, 1,8-cineole [14] , β-phellandrene and p-cymene [15] . The commercially important species E. globulus gives an EO rich in 1,8-cineole (at least 70%), while that from E. camaldulensis is characterized by a lower content. As 1,8-cineole has been considered as the major active constituent of the extracts obtained from Eucalyptus species, da Cruz Francisco [16] studied different supercritical fluid extraction conditions to obtain an EOEC richer in 1,8-cineole, and Giamakis [9] studied the composition of the EO from in vitro plant tissue cultures for the same purpose.
The variability of the chemical composition of EOEC related to the harvesting time and location of samples has been investigated [7] , but no exhaustive knowledge, reporting similar information on samples collected in Sardinia, has been found. Considering the biological applications of the derivatives from E. camaldulensis, the spasmolytic activity of some compounds was studied [17, 18] and the repellent activity against Culex pipiens and Aedes aegypti of the volatile compounds was reported [19, 20] . The antifungal properties of some extracts of E. camaldulensis have been investigated. Falahati [21] reported the antidermatophyte activity of the methanolic leaf extract, while Muller Ribeau [10] investigated the antifungal properties of the EOEC from Turkey.
The antioxidant activity of the volatiles from Eucalyptus species was reported by Lee [22] . A further paper reported on the antioxidant activity of the non-volatile compounds of E. camaldulensis [23] , and another on the antioxidant properties of the EOEC from Thailand [24] . Continuing our investigations into the variability of the volatiles, together with antimicrobial/antifungal properties [25] [26] [27] Recently, Batish [30] reviewed the potential role of Eucalyptus essential oil as a natural pesticide, suggesting its use as an alternative for pest control. In this context, the number of botanical pesticides is limited and phytopathogenic fungi have shown resistance to these substances. One of the aims of the present study was to screen the samples against common plant fungi to determine their potential use in agriculture and to investigate their antioxidant activity for their future application in either pharmaceuticals or cosmetics.
Moisture content and essential oil yields. Table 1 reports the yields of the EOEC and their moisture contents. The yields averaged 0.31 % with a RSD (Relative Standard Deviation) maximum of 33%, with the lowest values in periods 1 and 3, and the highest in period 2 for all stations. The moisture content during the experiment was not affected by seasonal variation and averaged 49.9% with a RSD maximum of 9%. Indicates periods and harvesting areas: TDS: Torre delle Stelle; ORS: Oristano; SRD: Sardara; SDD: Siddi; 1 = Beginning of blooming; 2 = Full blooming; 3 = Growth of juvenile branches;
b Values within a column for each harvesting period having different letters are significantly different from each other, using "t" student test (P < 0.05); c Expressed on 100 g dried weight.
TDS and SAR possessed similar amounts of the same compounds, except for the content of β-phellandrene, which was higher in TDS. SDD and ORS were typified by the same amount of p-cymene, cryptone and spathulenol, but were distinguished by the contents of α/β-phellandrene and 1,8-cineole respectively.
Concerning the chemical composition of the EOEC from the Americas [11, 13] , the oils were p-cymene rich (20-31%), followed by cryptone (10-12.5%) and spathulenol (4.3-15%); these data agree with our results.
The compositions of some clones of E. camaldulensis from Australia [5] showed that they were 1,8-cineole rich (≥60%), followed by aromadendrene (≥5%), and limonene (≥4%), but some clones were characterized by p-cymene (~10%), β-pinene (~8%) and spathulenol (~10%). Bignel et al. [12] , reporting the composition of the EOEC from Australia, found that the major compounds were p-cymene (22.9%) cyptone (14.1%), and spathulenol (16.5%). The sample from Greece [9] was characterized by 1,8-cineole (34.7%), together with β-pinene (7.7%), p-cymene (9.3%) and spathulenol (9.5%). Muller Ribeau et al. [10] Samples from two stations in Benin [7] were characterized by β-pinene (7.9%-1.7%), limonene (5.3%-11.2%), 1,8-cineole (46.9%-71.1%) and p-cymene (5.2%-0.5%). Pagoula et al. [6] studied the chemical variation of the EO from Mozambique with the age of the plant, and reported high differences between 4 and 11 years old plants, respectively: α-pinene (0.8%-4.6%), β-pinene (0.1%-9.2%), γ-terpinene (10.4%-5.3%, p-cymene (11.6%-4.7%), α-terpineol (2.2%-5.1%) and globulol (9.6%-5.4%). The sample from Morocco [3, 4] was distinguished by the presence of α-pinene (26%) and 1,8-cineole (52.4%) and by the lack of spathulenol. Each African sample was characterized by a peculiar composition different to that from Sardinia. Table 3 , which accounted for > 88% of the EO, were selected to evidence the seasonal variability of the oils from four different geographical origins, TDS (South), ORS (West), SDD and SRD (Central-West). At TDS station, α-phellandrene, cryptone and spathulenol decreased during the second sampling, whereas β-phellandrene and 1,8-cineole followed the opposite trend, increasing during the second sampling. The p-cymene content was almost constant during the experiment. Samples from SRD possessed similar trends to TDS for the major compounds, except for limonene, which increased strongly during the third sampling.
Chemical variability. Thirteen compounds listed in
Concerning SDD station, p-cymene and spathulenol increased from the first to the last sampling, showing a trend close to that of the samples from ORS. However, α-pinene and α-phellandrene followed very different trends in the two stations. The highest amount of 1,8-cineole was found in the sample SDD1, but decreased noticeably from the first to the last sampling.
Particularly in ORS station, α/β-phellandrene decreased from the first to the last sampling, while p-cymene and spathulenol increased in the same periods. 1,8-Cineole and cryptone showed a lower fluctuation.
These data agree with recent results published by our research group on the seasonal variability of some essential oils from Sardinian aromatic plants [26, 29] . Moudachirou [7] reported similar results for samples of E. camaldulensis from Benin, evidencing a noticeable chemical fluctuation for 1,8-cineole (31.0-71.4%), limonene (4.5-17.6%), and α,β-pinene (2.6-29.5%).
Antifungal activity. All the EOs showed high activity against all the fungi screened at 60 μL/plate, inhibiting completely the fungal growth (data not shown). As shown in Table 4 , among the fungi tested, it was the aflatoxin producer A. flavus that was completely inhibited by eleven oils at 20 μL/plate, but TDS2 and SRD2 showed less effectiveness. In addition the oils reduced the growth up to 45%, on average, when applied at 5μL/plate.
Fusarium oxysporum was sensitive to the oils with all the samples being effective both at 20 μL/plate and 5μL/plate, showing inhibition zones of 75% and 58% on average, respectively. Five samples were highly effective against Botrytis cinerea when applied at 20 μL/plate inhibiting completely the fungal growth, but seven were ineffective when applied at the same dose. All oils were ineffective against B. cinerea at 5μL/plate.
All major compounds tested showed no activity, except for terpinen-4-ol, on A. flavus, as also previously demonstrated [29, 31] . Differences in the activity were observed for samples having similar chemical composition (for example, TDS1,2,3 versus SRD1,2,3). This shows that the activity of the EO is not related to a single compound. Kordali [32] , who studied the antifungal activity of 21 oxygenated monoterpenes, found that generally they exert good activity. Moreover Doungmo [31] screened the fractions of the oils from E. saligna and E. camaldulensis having different compositions, and found that the fractions poor in oxygenated monoterpenes did not show antifungal activity.
This led us to the hypothesis that the antifungal activity of the EOEC should be related to the high content of oxygenated compounds (at least 60% Antioxidant activity. The antioxidant activity (TEAC) of the EOEC ranged between 0.5 and 5.8 mmol/L, with the lowest and the highest values for TDS and SRD in periods 1 and 2, respectively ( Table 5 ). The TEAC of the samples from TDS and SRD could be related to their chemical composition as they possess similar chemical and TEAC profiles. However, this was not evidenced for the samples from SDD and ORS, as the chemical composition was strongly different between periods 1 and 2, but the activity was the same. In accord with our results, Siramon [24] reported the significant antioxidant effect of the EOEC from Thailand.
In conclusion, the data presented in this paper showed the high variability of the chemical composition of the EOEC from different areas at different vegetative stage. Each sample possesses a distinct chemical composition and trend depending on its origin. All EOs showed high antifungal activity when applied at 20 μL/plate and some of them exhibited good activity also at 5 μL/plate. Noticeably, the EOEC showed good activity against A. flavus and the antifungal activity was probably due to the synergism between all compounds, and to the high content of oxygenated ones.
The antioxidant activity varied notably in the samples from different origins, but showed quite high values (0.5 to 5.8 mmol/L) compared with those of some EOs [28, 29] . TDS1  TDS2  TDS3  SRD1  SRD2  SRD3  SDD1  SDD2  SDD3  ORS1  ORS2  ORS3 (Basingstoke, Hampshire, England), and parafilm "M" was obtained from American National Can (Chicago, IL). Water was distilled and filtered through a Milli-Q apparatus (Millipore, Milan, Italy).
Distillation:
One hundred g of leaves and juvenile branches, and flowers or fruits (when present) were collected from the homogeneous RPS. Three samples were hydro-distilled simultaneously, for 1h in a Clevenger-type apparatus to assess the yield according to the Italian Official Pharmacopoeia XI [33] . The EO was recovered directly using a micropipette from the upper part of the distillate. The analysis of the composition of the EO was carried out on samples obtained after steam-distillation of the homogeneous RPS for 1h, using a semi industrial stainless steel apparatus of 80 L capacity. The EOs were stored with anhydrous sodium sulfate in dark vials at 4°C. EO solutions at 0.5 % (v/v) were prepared in n-hexane before GLC analysis.
GC/FID analysis:
A gas chromatograph Trace (Thermo Finningan, Milan, Italy) equipped with a FID detector, an AS 800 auto sampler and a split-splitless injector, was used.
The capillary column was a fused silica DB5 (5% phenylmethylpolysyloxane, 30 m, 0.25 mm id; 0.25 μm film thickness) (J&W Scientific, Folsom, CA, USA). The injector and the detector were operated at 250°C, and 280°C, respectively. Sample (1 μL) was injected in split mode (1:35) . The oven was programmed as follows: 60°C, raised to 65°C (1°C/min), raised to 120°C (3°C/min), raised to 180°C (5°C/min) and isothermally held for 5 min, raised to 250°C (5°C/min), Helium was used as carrier gas at 1 mL/min; sample (1 μL) was injected in split mode (1:35) . MS conditions were as follows: ionization mode EI from 50-450 amu, multiplier voltage (1x10 5 gain) of 1400 V, multiplier offset +100. The EO components were identified by comparison of their relative retention times with those of authentic standard references, using computer matching against a commercial library [34, 35] and homemade library MS from pure substances and components from known oils. Kovats indexes (KI) were collected and compared with those from the MS literature data [34] . Quantitative analysis of oil component percentages was carried out by normalized peak area measurement.
Antioxidant activity: The antioxidant activity was determined by the DPPH spectrophotometric test according to Brand-Williams [36] . Results were expressed as Trolox Equivalent Antioxidant Capacity (TEAC) as mmol of Trolox/L. Briefly, stock standard solutions of DPPH (0.4 mM) and Trolox (20 mM) were prepared 24 h before the experiment. Diluted standard solution of DPPH in ethyl acetate (0.04 mM) was prepared just before the experiment. Standard solutions of Trolox at different concentrations (0.1, 0.4, 1.0, 2.0, 4.0 and 6 mM) were prepared in ethyl acetate in order to construct the Trolox calibration curve. Ten μL of either Trolox standard dilutions or EO were dissolved in 3 mL of diluted standard solution of DPPH (0.04mM) and the mixtures were shaken by hand. Blank samples were prepared by adding 10 μL of ethyl acetate instead of standard dilutions of either Trolox or samples. After 1 h of incubation in the dark and at room temperature, the absorbances of the samples were read versus the blank at λ 517 nm using a Cary 50 spectrophotometer (Varian, Milan, Italy). Triplicate analyses were carried out for each sample.
Antifungal assay: The agar disk diffusion method was used to assess the antifungal activity. Fusarium oxysporum, Aspergillus flavus and Botrytis cinerea were the fungi used. Fungi were isolated and identified from feeds, in the Laboratory of Hygiene of the University of Cagliari. Petri dishes containing potato dextrose agar (PDA) were inseminated with mycelial fragments 6 mm in diameter (10 days hold). Three paper disks were placed on the PDA medium, in each Petri dish.
Two experiments were carried out using: a) 60 µL, 20 µL and 5 µL of pure essential oils, and b) 60 µL, of single major compounds (α/β-pinene, α-phellandrene, p-cymene, limonene, 1,8-cineole, terpinen-4-ol). The plates were sealed with Parafilm M to avoid air dispersion of the volatiles, and incubated in the dark at 22°C. The percentage of inhibition was calculated according to the equation of Zygadlo [37] : I=100(C-T)C -1 I = inhibition, C = average diameter of fungi grown in PDA + water, and T = average diameter of fungi cultivated in PDA + essential oil.
All the experiments were replicated 3 times. Distilled water instead of essential oil was used as control. The effectiveness of the treatments was evaluated by measuring the average diameter growth of the colonies at 4, 8 and 12 days after the inoculation.
Statistical analysis: Statistical analyses were performed by GenStat v. 7.1 software (VSN International Ltd., Herts, U.K.) statistical program. Analysis of variance (ANOVA) was carried out and mean comparisons were calculated. The "t" student test at p ≤ 0.05 was used to compare the means.
